Dysplasia is the gold standard biomarker of cancer risk in Barrett's esophagus, but its diagnosis remains difficult. This is due in part to its multitude of histological appearances. One aspect receiving little attention concerns gastric-type Barrett's dysplasia, which is distinctly different from the well-established intestinal variant. Recognition of gastric-type dysplasia and development of separate grading criteria are required. The prevalence, diagnostic criteria, and natural history of gastric-type Barrett's dysplasia were systematically evaluated in 1854 endoscopic biopsies from a cohort of 200 consecutive Barrett's dysplasia patients. Goblet cells were present in all cases, confirming the utility of this defining feature of Barrett's esophagus. The prevalence of Barrett's gastric-type dysplasia was 15% at the patient level (30 of 200 patients) and 20% at the biopsy level (166 of 852 dysplastic biopsies). Gastric-type dysplasia uniformly showed non-stratified, basally oriented nuclei as the major criterion for distinguishing it from intestinal-type Barrett's dysplasia. As such, loss of nuclear polarity, as the most objective criterion to distinguish intestinal-type low-and high-grade dysplasia, cannot be applied to gastric-type dysplasia. Rather, discriminatory features included increased nuclear size with a high-grade dysplasia cutoff by receiver operating characteristic (ROC) analysis approximating 3-4 times the size of a mature lymphocyte, providing an optimal sensitivity, specificity, and area under the curve of 0.78, 0.90, and 0.90 (95% CI: (0.87, 0.93)), respectively. Crowded, irregular glandular architecture (Po0.001) was more common in high-grade lesions (Po0.001), as was eosinophilic and oncocytic cytoplasm relative to the mucinous cytoplasm (Po0.001), prominent nucleoli (Po0.001), mild nuclear pleomorphism (Po0.001), and villiform architecture (Po0.001). During follow-up, 64% (7 of 11) of patients with pure gastric and 26% (5 of 19) with mixed gastric and intestinal dysplasia underwent neoplastic progression. The recognition of Barrett's gastric-type dysplasia and use of the proposed grading criteria should promote better diagnostic classification of the Barrett's neoplastic spectrum.
Barrett's esophagus predisposes to esophageal adenocarcinoma, with an estimated risk that approaches 125 times that of the general population. [1] [2] [3] The histological diagnosis of dysplasia in endoscopic biopsies remains the gold standard marker for early diagnosis and cancer prevention in Barrett's esophagus. Precancerous dysplasia in Barrett's esophagus has two distinct histological subtypes, paralleling what occurs in gastric epithelial dysplasia. [4] [5] [6] The far more common 'adenomatous' or intestinal-type dysplasia in Barrett's esophagus is widely recognized. However, the second category of Barrett's dysplasia, namely, gastric foveolar-type dysplasia, has gone virtually unrecognized in the Barrett's literature. It is poorly characterized with regard to its prevalence, histological features, natural history, and especially its diagnostic criteria. [4] [5] [6] To our knowledge, no grading criteria have been published. Owing to its distinctly different morphology, gastric foveolar-type dysplasia does not readily conform to standard intestinaltype dysplasia diagnostic or grading criteria. As such, it can pose serious difficulties for the diagnostic pathologist. This problem is further magnified in Barrett's esophagus by the major clinical management consequences of esophagectomy with its well-established morbidity and mortality. 7 This study evaluates the prevalence of, morphological criteria for, and natural history of gastric foveolar-type dysplasia in Barrett's esophagus, using a consecutive patient cohort diagnosed with Barrett's dysplasia at the Cleveland Clinic. On the basis of systematic assessment of the morphological features in combination with longitudinal followup validation, we define for the first time histological grading criteria for gastric foveolar-type dysplasia in Barrett's esophagus.
Materials and methods

Patients
This research was approved by the Cleveland Clinic Institutional Review Board. Consecutive patients with dysplastic Barrett's esophageal mucosal biopsies were identified in the pathology archives between the period of January 2006 to January 2008. Inclusion criteria required at least one neoplastic (dysplasia and/or carcinoma) Barrett's biopsy in each patient. The intestinal vs gastric foveolar types of dysplasia were not specified in the original diagnoses on file for any of the consecutive cases comprising this study. Rather, these subtypes were further characterized as the main goal of this study. Only primary Cleveland Clinic patients were included in the study. Extramural pathology consultation cases were excluded in an attempt to reduce referral bias. Barrett's esophagus was defined using the American College of Gastroenterology definition, requiring both endoscopic (glandular mucosa in the anatomic tubular esophagus) and histological (intestinal metaplasia with goblet cells) parameters. 8 Using these criteria, a total of 1854 endoscopic biopsies from a cohort of 200 consecutive Barrett's dysplasia patients were selected for the study.
Histological Evaluation
All biopsies were routinely fixed in 10% alcoholic formalin, processed as four biopsies per block into 5 mm step and serial sections, and stained with hematoxylin and eosin. All the biopsies were diagnosed by simultaneous consensus agreement of the two gastrointestinal pathologists and pathology resident authors (AEB, MPB and DM), using a multiheaded BX61 Olympus microscope. Each individual biopsy was assessed for dysplasia. Dysplasia was restrictively defined as unequivocal neoplastic epithelium confined to the luminal side of the basement membrane. 6 Dysplasia was distinguished from reactive or regenerative abnormalities induced by inflammatory injury. 6 The presence of goblet cells was ascertained in every biopsy. Finally, each biopsy was analyzed for intestinal-type (adenomatous) and/or gastric-type (foveolar) dysplasia.
Intestinal-type dysplasia in Barrett's esophagus was defined by stratification of enlarged, elongated to pleomorphic and hyperchromatic nuclei with glandular crowding. The categories of neoplasia, including negative for dysplasia, indefinite for dysplasia, low-grade dysplasia, high-grade dysplasia, intramucosal carcinoma, and adenocarcinoma with at least submucosal invasion, were defined according to the published criteria of Montgomery et al 6 and Downs-Kelly et al. 9 These criteria refer only to the intestinal variant of dysplasia in Barrett's esophagus.
Gastric dysplasia in Barrett's esophagus was systematically evaluated for the following histological features in an attempt to better define this variant of dysplasia and its useful grading criteria: (1) nuclear stratification, (2) complexity and crowding of dysplastic glands, (3) glandular or villiform architecture, (4) mucinous, oncocytic, or eosinophilic cytoplasm, (5) nuclear pleomorphism, (6) nuclear size relative to small, mature lymphocytes within the epithelium or the lamina propria in the most abnormal field at high magnification ( Â 400, actual field size 0.25 mm 2 ), and (7) nucleoli. Criteria for gastric-type dysplasia grade were developed from the analysis of above morphological data into the parallel subcategories that are already existing for intestinal-type Barrett's dysplasia (negative, indefinite, low-grade, high-grade, intramucosal adenocarcinoma, and adenocarcinoma with at least submucosal invasion).
All available retrospective and prospective longitudinal esophageal biopsies and surgical resections were examined from patients with gastric-type dysplasia, either pure or admixed with intestinaltype dysplasia at other sites within the Barrett's segment.
Statistical Analysis
Continuous measures were described by their means, standard deviations, and percentiles. Categorical measures were summarized using frequencies and percentages. Pearson's w 2 test or Fisher's exact test was used to assess the association between categorical outcomes of interest. For the evaluation involving the ordinal outcome of interests, MantelHaenszel w 2 tests or Cochran-Armitage tests were carried out to measure trends across ordinal levels. Spearman's correlation coefficients were estimated in order to study the association between the ordinal outcomes of interest. The majority of the analysis was performed at the biopsy and patient levels. Receiver operating characteristic (ROC) curve analysis using logistic regression was carried out to assess the prediction ability of identifying highgrade dysplasia combined with intramucosal carcinoma (gastric-type) using nuclear size (relative to a Gastric-type dysplasia in Barrett's esophagus small mature lymphocyte). All tests were carried out at a significance level of 0.05. SAS 9.2 software (SAS Institute, Cary, NC, USA) was used for all analyses.
Results
Patient Population and Study Material
A total of 200 consecutive Barrett's patients with dysplasia were selected for study during the period from January of 2006 through January of 2008. A total of 559 blocks encompassing a total of 1854 biopsies were reviewed. The age for all patients combined (n ¼ 200) ranged from 30 to 89 years (mean 65; median 66), with a male-to-female ratio of 3.3:1. The patients with pure gastric-type dysplasia (n ¼ 11) ranged in age from 57 to 86 years (mean 73; median 73), with a male-to-female ratio of 2.7:1. The patients with mixed gastric and intestinal dysplasia (n ¼ 19) ranged in age from 55 to 84 years (mean 71.7; median 74), with a male-to-female ratio of 2.2:1. Those with pure intestinal-type dysplasia (n ¼ 170) ranged in age from 30 to 89 years (mean 64; median 64), with a male-to-female ratio of 3.6:1. Overall, therefore, patients with gastric-type dysplasia were approximately one decade older than those with intestinal-type dysplasia and had increased numbers of women.
Goblet Cells
Despite the focus of this study on the gastric-type cell population in Barrett's esophagus, goblet cells were still identified in all dysplastic biopsies from all 200 (100%) patients. This further validates the use of goblet cells as the defining histological feature for Barrett's esophagus, regardless of whether it harbors gastric or intestinal-type dysplasia.
Prevalence of Barrett's Gastric-Type Dysplasia
Patient level
The prevalence of pure gastric-type dysplasia at the patient level was 6% (11 of 200 patients). The prevalence of mixed intestinal and gastric-type dysplasia was 10% (19 of 200 patients). The prevalence pure intestinal-type dysplasia was 85% (170 of 200 patients).
Biopsy level
Of the 1854 total biopsies in this 200 patient cohort, a subset of 1002 was negative for dysplasia and a total of 852 biopsies showed dysplasia. Of those with dysplasia, the prevalence of biopsies showing gastric-type dysplasia was 20% of biopsies (166 of 852).
Histological Features for Defining Gastric-Type Dysplasia
The 166 biopsies showing gastric-type dysplasia were further subclassified on the basis of the following seven histological features.
Nuclear Stratification
All 166 (100%) biopsies with gastric-type dysplasia in this patient cohort had non-stratified nuclei throughout the full thickness of the mucosa (Figures 1-3 ).
Intestinal-type dysplasia, on the other hand, was characterized by stratified nuclei.
Complexity of Glands
Complexity of glands was assessed at low magnification to determine whether they were crowded or uncrowded, assessing both the gland-to-lamina propria stromal ratio and gland shape. In the nondysplastic setting, the glands were characteristically round with little budding and were surrounded by abundant lamina propria. Dysplastic glands were sometimes arranged in an uncrowded pattern with modest amounts of encompassing lamina propria (22%) (Figure 1 ). In these cases, cytological features established the diagnosis of dysplasia. Crowding of cytologically abnormal glands was a further feature of dysplasia ( Figure 2 ). Cribriforming of glands or dilated glands with necrotic luminal debris were considered severe architectural abnormalities ( Figure 3 ). In the present cohort, 78% of the biopsies with gastric-type dysplasia had a crowded morphology.
Villous or Glandular Architecture
A total of 94% of the biopsies with gastric-type dysplasia (156 of 166 biopsies) had a glandular architecture and 6% were villiform (10 of 166 biopsies).
Cytoplasm
The cytoplasmic characteristics were subdivided into mucinous, oncocytic (with bright, eosinophilic cytoplasmic granules) and eosinophilic non-granular cytoplasm. In our study, 45% of the biopsies with gastric-type dysplasia had mucinous cytoplasm, 18% of the biopsies had oncocytic cytoplasm and 37% of the biopsies had eosinophilic cytoplasm (Figures 1-3 ).
Nuclear Pleomorphism
Uniform, monomorphic nuclei were assessed to lack pleomorphism. Even the most pleomorphic nuclei in gastric-type dysplasia were substantially so less Gastric-type dysplasia in Barrett's esophagus D Mahajan et al than the maximum pleomorphism observed in the intestinal-type dysplasia counterparts. In other words, the spectrum of pleomorphism was narrower in gastric-type dysplasia than intestinal-type dysplasia. In our study, 65% of gastric dysplasia biopsies had uniform nuclei ( Figure 1 ) and 35% depicted largely mild nuclear pleomorphism ( Figure 2 ).
Nuclear Size
Nuclear size was assessed at high magnification ( Â 400) in the most abnormal microscopic field. Nuclear size was measured relative to small, mature lymphocytes, a common stromal or intraepithelial cell encountered in Barrett's biopsies. This relative size comparison controlled for the vagaries of fixation and tissue processing that can change the absolute nuclear size for different slide preparations. On average, Barrett's gastric-type glands that were negative for dysplasia were 1-1.5 times the size of a small, mature lymphocyte. About 45% (74 of 166) of biopsies with gastric-type dysplasia were 2-3 times the size of a small, mature lymphocyte (Figure 1 ), and 55% (91 of 166) biopsies were about 3-4 times the size of a small, mature lymphocyte nucleus (Figures 2 and 3 ).
Nucleoli
Nucleoli in epithelial cell nuclei were assessed in the most abnormal field. A total of 84% of the biopsies with gastric-type dysplasia had prominent nucleoli (Figures 1b and 2b) and 16% of the biopsies did not show nucleoli.
Composite Analysis of Histological Features Relative to Dysplasia Grade
In this analysis, the above seven histological features were examined relative to the various grades of gastric-type dysplasia. Grade was assessed Figure 1 (a) Low-grade gastric-type dysplasia in Barrett's esophagus. The biopsy shows monomorphic cytology and architecture, with uncrowded glands and uniform monolayered, non-stratified nuclei. The changes occupy the full thickness of the mucosa. There is no significant nuclear stratification or loss of nuclear polarity (H&E, original magnification Â 100). (b) High-power view of low-grade gastrictype dysplasia in Barrett's esophagus depicting the round-to-oval monolayered nuclei with prominent nucleoli that are enlarged to at least 2-3 times that of interspersed small, mature stromal lymphocytes (H&E, original magnification Â 400).
Gastric-type dysplasia in Barrett's esophagus according to the spectrum of pathological change present and the experience of the pathologist authors, as no published criteria exist. The histological findings across the various grades of gastrictype dysplasia are summarized in Table 1 . All biopsies with gastric-type dysplasia of any grade had non-stratified nuclei. In comparison with mucinous cytoplasm, eosinophilic and oncocytic cytoplasm were more common in high-grade lesions, as were prominent nucleoli, nuclear pleomorphism, crowded and pleomorphic architecture (Po0.001; Table 1 and Figures 1-3) . The majority of the gastric-type biopsies showed a glandular architecture. However, villiform morphology was significantly associated with high-grade dysplasia and intramucosal adenocarcinoma (Po0.001). The majority of biopsies with gastrictype low-grade dysplasia (78%) had nuclei that were 2-3 times the size of a small, mature lymphocyte, whereas the majority of gastric-type high-grade dysplasia (73%) and intramucosal adenocarcinoma (100%) biopsies had nuclei that were 3-4 times the size of a small, mature lymphocyte nucleus (Po0.001; Table 1 ). An ROC curve was plotted to determine the ability of nuclear size to distinguish negative and low-grade dysplasia from high-grade dysplasia and intramucosal adenocarcinoma. Nuclear size with an optimal cutoff of 3-4 times the size of a small, mature lymphocyte by ROC analysis provided optimal sensitivity, specificity, and area under the curve of 0.78, 0.90, and 0.90 (95% CI: (0.87, 0.93)), respectively. A nuclear size of 3-4 times the size of a small, mature lymphocyte or above was predictive of high-grade dysplasia and intramucosal adenocarcinoma in our study, whereas a nuclear size below this was predictive of indefinite for dysplasia and low-grade dysplasia (Figure 4) . Patients who progressed to a higher grade of dysplasia or carcinoma (n ¼ 12) Of the 11 (64%) patients, 7 with pure gastric-type dysplasia and 5 of the 19 (26%) patients with mixed dysplasia progressed to a higher grade of dysplasia during longitudinal analysis over a total period of 8 years ( Figure 5 ).
Patients whose diagnoses remained unchanged (n ¼ 13) One patient with gastric-type intramucosal adenocarcinoma underwent subsequent resection. The esophagectomy specimen showed the same diagnosis. The diagnosis also remained unchanged in the other 12 patients with mixed gastric and intestinaltype dysplasia. Eight of these patients had highgrade dysplasia as their most advanced diagnosis (over a range of follow-up from 1-6 years) and four had intramucosal adenocarcinoma as their most advanced diagnosis on both their initial biopsy and subsequent endoscopic mucosal resection, after which they have remained free of dysplasia for a range of follow-up from 0 to 3 years.
Patients lost to follow-up (n ¼ 5)
The remaining three patients with pure gastric-type dysplasia and two with mixed gastric and intestinaltype dysplasia were lost to follow-up. Figure 3 Intramucosal carcinoma, gastric-type. The biopsy shows a crowded, back-to back arrangement of glands in a never-ending, complex growth pattern. Some of the glands show necrotic luminal debris. Note that these glands still show only relatively mild pleomorphism (H&E, original magnification Â 100).
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Most Advanced Diagnosis per Patient Comparing Gastric and Intestinal-Type Dysplasia
The prevalence of the most advanced diagnosis in gastric-type vs intestinal-type dysplasia was significantly different and higher for gastric dysplasia at all grades at the patient level (P-values: 0.001 for lowgrade dysplasia, 0.03 for high-grade dysplasia, and 0.003 for intramucosal adenocarcinoma using two sample t-test). The majority of patients within this cohort with intestinal-type dysplasia were graded at the lower end of the dysplasia spectrum, with indefinite for dysplasia and low-grade dysplasia comprising the majority at a total of 67%. In contrast, the majority of the patients with gastrictype dysplasia in this cohort or 77% had diagnoses of high-grade dysplasia or intramucosal adenocarcinoma as their most advanced lesions. In patients with mixed gastric and intestinal-type dysplasia (19 of 200 patients), 13 patients had gastric-type dysplasia as their worst diagnosis (1 low-grade dysplasia, 7 high-grade dysplasia, and 5 intramucosal adenocarcinoma), 1 had intestinal dysplasia (intramucosal adenocarcinoma), and 5 had the same histological grade of gastric and intestinal-type dysplasia (1 low-grade dysplasia, 3 high-grade dysplasia, and 1 intramucosal adenocarcinoma).
Discussion
Barrett's metaplastic epithelium contains a mixture of several cell types, namely goblet cells, pseudoabsorptive intestinal-type cells and gastric foveolartype cells, so that it should come as no surprise that dysplasia arising from this heterogeneous cell background might also possess different morphologies requiring different criteria. The gastric foveolar variant of dysplasia is one distinctive morphologic variant of Barrett's dysplasia that adds considerably to its heterogeneity and classification difficulties, particularly because there are no published diagnostic criteria. Recognition of gastric-type Barrett's dysplasia as a diagnostic entity, as well as the creation of grading criteria for this subtype, is The substantial per dysplastic biopsy (20%) and per patient (15%) prevalences seen in this series are highly relevant clinically, considering the complete lack of diagnostic criteria in the current literature, the significantly different morphology and criteria as presented herein, and the therapeutic consequences of a diagnosis of dysplasia, particularly high-grade dysplasia in Barrett's esophagus. [10] [11] [12] The terms 'foveolar' or 'gastric-type dysplasia' are better recognized in the stomach itself, but even there only limited information is available. Dysplasia of the stomach has traditionally been categorized into the more common adenomatous or intestinaltype or type I dysplasia, and the less common gastric foveolar-type or non-adenomatous or type II dysplasia. [13] [14] [15] [16] [17] [18] [19] Intestinal-type dysplasia, whether in the stomach or Barrett's esophagus, is characterized by variable villoglandular architecture and columnar cells with hyperchromatic, stratified, and enlarged nuclei, along with variable but typically inconspicuous nucleoli. The most objective and discriminatory criterion for separating low-grade and highgrade intestinal-type dysplasia is that of the loss of nuclear polarity. 6, 20 Maintenance of nuclear polarity refers to elongated, stratified, and pencillate nuclei that remain orderly and with the long axes of their nuclei perpendicular to the basement membrane, features typical of low-grade intestinal-type dysplasia. 6 Alternatively, loss of nuclear polarity refers to loss of this orderly nuclear arrangement with the development instead of pleomorphic and disordered stratified nuclei that are no longer perpendicular to the basement membrane, features typical of high-grade intestinal-type dysplasia. 6 Unfortunately, the criterion of the loss of nuclear polarity is not applicable to gastric-type dysplasia, because of its consistently non-stratified, monolayer nuclear arrangement at the polar base of the cells in both low-and high-grade gastric-type dysplasia (present in 100% of Barrett's gastric-type dysplasia in this cohort). This creates a diagnostic dilemma for the recognition of and grading of gastric-type Barrett's dysplasia using only traditional intestinal-type dysplasia criteria and was a major impetus to the establishment of better criteria for the gastric variant of dysplasia in Barrett's esophagus.
In addition to the monolayered nuclei, the remaining major characteristics of the gastric-type Barrett's dysplasia, regardless of grade, are fullthickness mucosal involvement (100%), glandular rather than villiform growth pattern (94%), prominent nucleoli (84%), back-to-back crowded glandular architecture (78%), and uniform rather than pleomorphic nuclear cytology (65%).
The different grades of gastric-type Barrett's dysplasia are distinguished primarily by nuclear size and complexity of architecture. Nucleoli are prominent in all high-grade lesions, but about 40% of low-grade lesions lacked nucleoli in this study. Nuclear pleomorphism, although mild in degree, in general, in gastric-type dysplasia, was also a useful feature, being present in 13% of low-grade but 51% of high-grade gastric-type dysplasias (Po0.001). The type of cytoplasm in Barrett's gastric-type dysplasia is variable, ranging from mucinous to oncocytic to eosinophilic. However, high-grade lesions are much more likely to have either eosinophilic or oncocytic cytoplasm than low-grade lesions (72 vs 30%, Po0.001). The cytoarchitectural criteria for grading Barrett's gastric-type dysplasia are summarized in Table 2 .
In 2008, Asthana et al 21 reported the first case of an extremely well-differentiated intramucosal adenocarcinoma of the gastric foveolar-type phenotype in Barrett's esophagus. The first small series of gastric-type dysplasia (non-adenomatous dysplasia) in Barrett's esophagus followed in 2009. 4 This study emphasized DNA ploidy alterations in their limited cohort of 1 pure and 17 mixed gastric-type dysplasia patients followed over a 6-year period, finding no significant differences in ploidy in comparison with conventional intestinal-type dysplasia controls. It can be noted that these authors reported a relatively similar per patient prevalence of gastric-type dysplasia, at 7% in comparison with our 15%. Importantly, however, a grading scheme for gastrictype dysplasia was not provided by these authors, who did not further subdivide the low-grade dysplasia, high-grade dysplasia, or intramucosal adenocarcinoma subcategories. Our study is the first to address the diagnostic element of grade in gastrictype Barrett's dysplasia. Figure 4 Receiver operator characteristic (ROC) curve, depicting the sensitivity relative to 1Àspecificity with varying nuclear size cutoffs for distinguishing low-vs high-grade gastric-type dysplasia. The nuclear size cutoff of 3-4 times the size of a small mature lymphocyte is indicated on the curve.
Gastric-type dysplasia in Barrett's esophagus
Goblet cells were present in all 200 consecutive Barrett's dysplasia patients in this series (100%). This further validates the use of goblet cells as the defining histological feature of Barrett's esophagus, regardless of the gastric or intestinal-type dysplasia that may arise from it. Gastric-type foveolar cells are present in the distal most esophageal epithelium in essentially all patients with gastroesophageal reflux disease (GERD) and are also present in Barrett's esophageal mucosa. 22 This of course renders gastrictype mucosa completely nonspecific for defining Barrett's separately from GERD. This becomes even more problematic considering that reflux disease is at least 1000 times more common than Barrett's dysplasia or adenocarcinoma. Some might be tempted to misconstrue the concept of gastric foveolar-type dysplasia in Barrett's as evidence that Barrett's esophagus should also be redefined to include any type of glandular epithelium in the esophagus, including gastric type without goblet cells. This would be a serious error, based on the complete non-specificity of gastric mucosa for distinguishing GERD and Barrett's and the extremely high prevalence of GERD without a definable cancer risk. Barrett's most definitely contains gastric-type cells, which in turn generate the 7-15% per patient prevalence of gastric-type Barrett's dysplasia, but gastric-type epithelium cannot be used to define Barrett's esophagus. To do so would dilute the risk of esophageal adenocarcinoma from its already very limited level in Barrett's esophagus histologically defined by goblet cells to a level far below that necessary for effective cancer screening. Improved cancer screening in Barrett's mandates increased specificity to identify the highest risk patients, and not the greatly diminished specificity that would result from redefining Barrett's esophagus to include gastric mucosa only without goblet cells. Thus, the definition of Barrett's esophagus and the requirement for goblet cells must remain separate from the diagnosis of Barrett's gastric-type dysplasia.
The grade of gastric-type Barrett's dysplasia in our cohort of patients was more often high-grade dysplasia and/or intramucosal adenocarcinoma, which together made up 77% of Barrett's gastrictype vs 30% of Barrett's intestinal-type dysplasia at the patient level in this cohort. Furthermore, in Figure 5 Longitudinal outcomes of Barrett's neoplasia in patients with (a) pure gastric-type dysplasia who progressed (64%, 7 of 11 patients) and (b) mixed gastric and intestinal-type dysplasia who progressed (26%, 5 of 19 patients).
patients with mixed dysplasia, we found that the gastric component often constituted the higher grade of dysplasia. These findings are similar to the one other series in the literature. 4 Although tertiary care referral and reporting bias cannot be eliminated, and these diagnoses are definitional at this early stage of study, the high rates of reported neoplastic progression for these patients also support the contention that gastric-type Barrett's dysplasia can be aggressive and possibly even more aggressive than intestinal-type Barrett's dysplasia.
Another diagnostic dilemma for the pathologist concerns distinguishing reactive/inflamed but nondysplastic gastric cardiac mucosa from true gastrictype dysplasia. Gastric-type dysplasia shows fullthickness mucosal involvement, extending from the base of the mucosa to the surface. In contrast, gastric cardia with regenerative or inflammatory change typically reveals surface predominant or top-heavy atypia with relative sparing of the deeper glands at the base of the mucosa. This is likely due to the gastric neck or upper-mid location of the regenerative compartment in gastric mucosa. Regenerative atypia, therefore, also usually begins half-way or higher within gastric mucosa and extends to the surface with sparing of the basal glands. Thus, fullthickness mucosal atypia favors dysplasia and is among the most useful of criterion, in addition to the presence of obscuring active inflammation, for distinguishing reactive non-dysplastic epithelium from true gastric-type dysplasia.
In summary, gastric foveolar-type dysplasia comprises a minor but important histological subtype of dysplasia in Barrett's esophagus, involving 20% of biopsies and 15% of patients in this consecutive 200 patient Barrett's dysplasia cohort. New grading criteria were developed based on the systematic categorization of these biopsies. Histologically, the diagnosis and grading of gastric-type Barrett's dysplasia rely on very different criteria from intestinal-type dysplasia. The major differential aspect includes the non-stratified and basally oriented nuclei of gastric-type dysplasia. Accordingly, the distinguishing criterion of loss of nuclear polarity that helps to separate low-and high-grade intestinal-type dysplasia cannot be used for gastrictype dysplasia. Rather, low-and high-grade gastrictype dysplasia in Barrett's esophagus are distinguished by a nuclear size cutoff of 3-4 times the size of a small, mature lymphocyte, increased but still relatively mild nuclear pleomorphism, prominent nucleoli, increasingly eosinophilic to oncocytic cytoplasm, and crowded to irregular glandular architecture, all more common in high-grade gastric-type dysplasia. The natural history of foveolar gastric-type dysplasia remains poorly defined and is Gastric-type dysplasia in Barrett's esophagus based on only 49 total patients in the composite literature at present, of which 30 are reported in this series. On the basis of these limited data, gastrictype dysplasia appears to be more often high-grade and occurs in increased numbers of women, in patients who on average are a decade older than those with intestinal-type Barrett's neoplasia. Longitudinal outcome data show neoplastic progression in 64% patients of pure gastric-type dysplasia and in 26% of mixed gastric-type dysplasia over the 8 years of follow-up in our series. Future longitudinal cohort studies will be essential to better determine the significance and rate of progression of gastrictype dysplasia in Barrett's neoplasia. This study provides diagnostic grading criteria for these future studies and for the improved routine diagnosis of Barrett's neoplasia.
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